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[57] ABSTRACT 

A semiconductor device includes an input terminal and an 

output terminal; a delay circuit including N (N=integer) unit 
delay circuits connected in series betWeen the input terminal 

and the output terminal, earn unit delay circuit including ?rst 

and second tWo-input NOR or NAND circuits connected in 

series, the second tWo-input NOR or NAND circuit being 

nearer to the output terminal than the ?rst tWo-input NOR or 

NAND circuit, a ?rst input of each ?rst tWo-input NOR or 

NAND circuit being connected to the input terminal, and an 

output of each ?rst tWo-input NOR or NAND circuit being 

connected to a ?rst input of the second tWo-input NOR or 

NAN D circuit of each unit delay circuit; and a control circuit 

outputting individual control signals, each control signal 
being applied to a respective second input of the second 

tWo-input NOR or NAN D circuit included in each unit delay 

circuit, Wherein delay time in signal transmission from the 

input terminal to the output terminal varies in response to the 

control signals. The number of elements per unit resolution 

is reduced, and variations in the delay time are reduced by 

the reduced element number so the linearity of the delay 

circuit is improved. Further, the layout is simpli?ed as 
compared With the conventional delay circuit. 

11 Claims, 8 Drawing Sheets 
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SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

The present invention relates to semiconductor devices 
and, more particularly, to a variable delay circuit that gives 
an arbitrary output delay time to an input signal, in accor 
dance With a control signal. 

BACKGROUND OF THE INVENTION 

In a variable delay circuit using a selector, the linearity of 
delay time, i.e., the proportionality of variation in delay time 
to the number of theoretical stages, is not good because of 
a difference in Wiring lengths running parallel to each other 
in the selector unit or variations in gate delay. A conven 
tional method for reducing such a difference in Wiring 
lengths is disclosed in, for eXample, Japanese Published 
Patent Application No. Hei. 6-13857. FIG. 10(a) is a logical 
circuit diagram illustrating a conventional variable delay 
circuit using a selector, and delay paths in the variable delay 
circuit are schematically shoWn in FIG. 10(b). FIG. 10(c) is 
a diagram illustrating an improved variable delay circuit 
disclosed in the above-mentioned publication using basic 
gates, and delay paths in the variable delay circuit are 
schematically illustrated in FIG. 10(a'). In the respective 
schematic vieWs, arroWs shoW delays due to the device, and 
circles and ellipses shoW the Wiring. HoWever, a delay due 
to the Wiring is not considered in the schematic vieWs. 

In the variable delay circuit shoWn in FIG. 10(a), a path 
With the shortest delay time (P11) is illustrated With four 
arroWs, and a path With the neXt shortest delay time (P21) is 
illustrated With siX arroWs. In the variable delay circuit 
shoWn in FIG. 10(c), a path With the shortest delay time 
(P12) is illustrated With tWo arroWs, and a path With the neXt 
shortest delay time (P22) is illustrated With four arroWs. 
When the variable delay circuit is constructed as shoWn in 

FIG. 10(c), degradation in the delay time linearity due to the 
Wiring is reduced to some eXtent, as compared With the 
circuit shoWn in FIG. 10(a). 

In both of the variable delay circuits, hoWever, the paths 
P11 and P12 having the shortest delay times run completely 
parallel With the paths P21 and P22 having the neXt shortest 
delay times, respectively, i.e., the paths P11 and P12 do not 
share the lines With the paths P21 and P22, respectively. 
Therefore, When a variation in delay time due to each 
element is At, a variation per unit resolution is siX times as 
large as A(6><A), and this variation is an obstacle to improve 
ment of resolution or yield, and improvement of linearity of 
delay characteristics. 

In the conventional variable delay circuit so constructed, 
since variations in delay amounts due to delay stages are 
controlled in completely separated paths, the variation in 
delay time per unit resolution is considerable, and the 
linearity of delay characteristics as a circuit is degraded With 
an increase in the number of the delay stages. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
semiconductor device having an improved linearity as a 
delay circuit. 

Other objects and advantages of the invention Will 
become apparent from the detailed description that folloWs. 
The detailed description and speci?c embodiments 
described are provided only for illustration since various 
additions and modi?cations Within the scope of the inven 
tion Will be apparent to those of skill in the art from the 
detailed description. 
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2 
According to a ?rst aspect of the present invention, a 

semiconductor device comprises an input terminal and an 
output terminal; a delay circuit comprising N (=integer) unit 
delay circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit comprising 
?rst and second tWo-input NOR circuits connected in series, 
the second tWo-input NOR circuit being nearer to the output 
terminal than the ?rst tWo-input NOR circuit, and one of tWo 
inputs of the ?rst tWo-input NOR circuit being connected to 
the input terminal; and a control circuit outputting individual 
control signals, each control signal being applied to one of 
tWo inputs of the second tWo-input NOR circuit included in 
each unit delay circuit; Wherein a delay time in signal 
transmission from the input terminal to the output terminal 
is varied by the control signals. Therefore, the number of 
elements per unit resolution is reduced, and variations in the 
delay time are reduced by the reduced element number, 
Whereby the linearity as a delay circuit is improved. Further, 
the layout is simpli?ed as compared With the conventional 
one. 

According to a second aspect of the present invention, a 
semiconductor device comprises an input terminal and an 
output terminal; a delay circuit comprising N (=integer) unit 
delay circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit comprising 
?rst and second tWo-input NAND circuits connected in 
series, the second tWo-input NAND circuit being nearer to 
the output terminal than the ?rst tWo-input NAND circuit, 
and one of tWo inputs of the ?rst tWo-input NAND circuit 
being connected to the input terminal; and a control circuit 
outputting individual control signals, each control signal 
being applied to one of tWo inputs of the second tWo-input 
NAND circuit included in each unit delay circuit; Wherein a 
delay time in signal transmission from the input terminal to 
the output terminal is varied by the control signals. 
Therefore, the number of elements per unit resolution is 
reduced, and variations in the delay time are reduced by the 
reduced element number, Whereby the linearity as a delay 
circuit is improved. Further, the layout is simpli?ed as 
compared With the conventional one. 

According to a third aspect of the present invention, in the 
above-mentioned semiconductor device, a delay element is 
inserted in a signal transmission path betWeen the inputs of 
the ?rst tWo-input NOR circuits of adjacent unit delay 
circuits, Which inputs are connected to the input terminal; 
and an input signal from the input terminal is applied to the 
unit delay circuits connected in series, from one nearest to 
the output terminal toWard one most distant from the output 
terminal, Whereby the Width of delay time due to the unit 
delay circuits is increased. Therefore, regardless of the 
resolution of the unit delay circuit, a variable delay circuit 
having a resolution loWer than the resolution of the unit 
delay circuit is realiZed. 

According to a fourth aspect of the present invention, in 
the above-mentioned semiconductor device, a delay element 
is inserted in a signal transmission path betWeen the inputs 
of the ?rst tWo-input NOR circuits of adjacent unit delay 
circuits, Which inputs are connected to the input terminal; 
and an input signal from the input terminal is applied to the 
unit delay circuits connected in series, from one most distant 
from the output terminal toWard one nearest to the output 
terminal, Whereby the Width of delay time due to the unit 
delay circuits is decreased. Therefore, regardless of the 
resolution of the unit delay circuit, a variable delay circuit 
having a resolution loWer than the resolution of the unit 
delay circuit is realiZed. 

According to a ?fth aspect of the present invention, in the 
above-mentioned semiconductor device, each tWo-input 
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NOR circuit is constituted using direct coupled FET logic 
(DCFL). Therefore, the poWer consumption is reduced. 

According to a sixth aspect of the present invention, in the 
above-mentioned semiconductor device, each tWo-input 
NOR circuit or each tWo-input NAND circuit is constituted 
by either of an N-channel MOS circuit and a complementary 
MOS circuit. Therefore, this is applicable to an ordinary 
silicon device. 

According to a seventh aspect of the present invention, in 
the above-mentioned semiconductor device, cells of the 
tWo-input NOR circuits or the tWo-input NAND circuits 
connected in series are arranged adjacent to each other in a 
line to constitute the delay circuit. Therefore, the area of the 
elements constituting the logical circuit is reduced. 

According to an eighth aspect of the present invention, a 
semiconductor device comprises an input terminal and an 
output terminal; a delay circuit comprising N (=integer) unit 
delay circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit comprising 
a tWo-input NOR circuit, a ?rst three-input NOR circuit, and 
a second three-input NOR circuit being connected so that an 
input of the tWo-input NOR circuit and an input of the ?rst 
three-input NOR circuit are connected to the input terminal 
While output terminals of the tWo-input NOR circuit and the 
?rst three-input NOR circuit are respectively connected to 
tWo inputs of the second three-input NOR circuit, and the 
unit delay circuits being connected so that an output of the 
second three-input NOR circuit in the previous one is 
connected to the other input of the tWo-input NOR circuit 
and one of remaining tWo inputs of the ?rst three-input NOR 
circuit in the subsequent one; and a control circuit outputting 
individual control signals, each control signal being applied 
to remaining one input of the second three-input NOR 
circuit of each unit delay circuit; Wherein a delay time in 
signal transmission from the input terminal to the output 
terminal is varied by the control signals, and a delay time 
due to each unit delay circuit is varied by an adjusting signal 
Which is input to remaining one input of the ?rst three-input 
NOR circuit of each unit delay circuit, Whereby resolution of 
the delay circuit is varied. Therefore, even When the ele 
ments constituting the variable delay circuit vary, these 
variations can be adjusted by the adjusting signal supplied 
from the outside, Whereby the production yield of the 
variable delay circuit is improved. 

According to a ninth aspect of the present invention, the 
above-mentioned semiconductor device further comprises a 
pulse Width formation means connected to the output ter 
minal and making the pulse Width of the delay output from 
the output terminal uniform. Therefore, regardless of the 
number of delay stages, the pulse Width of the output signal 
is made uniform, resulting in a stable output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a ?rst 
embodiment of the invention, FIG. 1(b) is a schematic 
diagram illustrating delay paths in the variable delay circuit, 
and FIG. 1(c) is a diagram shoWing Waveforms of an input 
signal and a delay output. 

FIG. 2 is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a 
second embodiment of the invention. 

FIG. 3(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a third 
embodiment of the invention, FIG. 3(b) is a diagram shoW 
ing Waveforms of an input signal and delay outputs, and 
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4 
FIG. 3(c) is a diagram shoWing characteristics of the vari 
able delay circuit. 

FIG. 4(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a fourth 
embodiment of the invention, FIG. 4(b) is a diagram shoW 
ing Waveforms of an input signal and delay outputs, and 
FIG. 4(c) is a diagram shoWing characteristics of the vari 
able delay circuit. 

FIG. 5 is a diagram illustrating a unit delay circuit When 
a unit delay circuit constituting a variable delay circuit 
according to any of ?rst, third, and fourth embodiments is 
implemented using DCFL (Direct Coupled FET Logic). 

FIG. 6 is a diagram illustrating a unit delay circuit When 
a unit delay circuit constituting a variable delay circuit 
according to any of ?rst to fourth embodiments is imple 
mented using a CMOS (Complementary Metal OXide 
Semiconductor) circuit. 

FIG. 7 is a diagram illustrating a layout pattern on a 
substrate of a variable delay circuit according to any of ?rst 
to fourth embodiments. 

FIGS. 8(a) is a logical circuit diagram illustrating a 
variable delay circuit as a semiconductor device according 
to a ?fth embodiment of the invention, and FIG. 8(b) is a 
diagram illustrating a part of the logical circuit in FET level. 

FIG. 9 is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a siXth 
embodiment of the present invention. 

FIG. 10(a)—10(a) are diagrams illustrating conventional 
variable delay circuits. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiment 1 

FIG. 1(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor circuit according to a ?rst 
embodiment of the present invention, and FIG. 1(b) is a 
diagram schematically illustrating delay paths in the variable 
delay circuit. In these ?gures, reference numeral 1 desig 
nates a variable delay circuit, and numeral 11 designates a 
control circuit outputting a plurality of control signals PE, 
D0, D1, and D2. Reference numeral 12 designates a single 
stage unit delay circuit comprising tWo tWo-input NOR 
circuits, i.e., a tWo-input NOR circuit C and a tWo-input 
NOR circuit D. Four stages of unit delay circuits are 
constructed by eight tWo-input NOR circuits A, B, C, D, E, 
F, G, and H, so that this variable delay circuit can control the 
delay time in four stages. 

As shoWn by the unit delay circuit 12, in each unit delay 
circuit, the tWo-input NOR circuits are connected so that an 
output from the ?rst tWo-input NOR circuit (D in the circuit 
12) to Which an input signal W is applied is input to one of 
the tWo input terminals of the second tWo-input NOR circuit 
(C in the circuit 12) Which is nearer to the delay output 
W than the ?rst tWo-input NOR circuit, and a control 
signal from the control circuit 11 is input to the other input 
terminal of the second tWo-input NOR circuit. 

A description is given of the operation principle. Table 1 
shoWs combinations of control signals output from the 
control circuit 11. 
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TABLE 1 

D2 D1 D0 PE 

A X X 1 O 

B X 1 O O 
C 1 O O O 
D O O O O 
E X X X 1 

When the control signals output from the control circuit 
11 are as shoWn by A in table 1, since, as is Well knoWn, a 
NOR circuit outputs 1 (High) When both of its tWo inputs are 
0 (LoW), the tWo-input NOR circuit C shoWn in FIG. 1(a) 
outputs “LoW”, and the input signal W travels through the 
tWo tWo-input NOR circuits A and B and is output as the 
delay output W. Hence, When the delay time of one 
tWo-input NOR circuit is ltdi, the delay time due to these tWo 
NOR circuits A and B is given by 2””, and this delay time 
corresponds to the transmission path P1 shoWn by tWo 
arroWs in the schematic diagram 1(b) and is the shortest 
delay time. FIG. 1(c) shoWs Waveforms of the input signal 
W and the delay output DLY at this time. 

Further, When the combination of control signals output 
from the control circuit 11 is as shoWn by B in table 1, the 
tWo-input NOR circuit E shoWn in FIG. 1(a) outputs “LoW”, 
and the tWo-input NOR circuit C outputs “High”. As a result, 
the input signal W travels through the four tWo-input NOR 
circuits D, C, B, and A and is output as the delay output 
DLY, and the delay time is given by 4-tdi2. This delay time 
corresponds to the transmission path P2 shoWn by four 
arroWs in the schematic diagram 1(b), and it is longer by the 
delay time of tWo of the tWo-input NOR circuits than the 
delay time in the case of A in the above truth table. 

Thereafter, in similar manner, the control signals from the 
control circuit 11 are input as shoWn by C and D in table 1, 
Whereby four stages of delay times, in total, can be made 
using the variable delay circuit. The transmission paths P1 
and P2 are not completely parallel (separated) paths, but 
pass through the same line in the tWo-input NOR circuit A 
shoWn in FIG. 1(a). Therefore, When the variation in delay 
time of each element is At, the variation in delay time per 
unit resolution becomes 4><At, and this is Z/3 of the variation, 
6><At, in the conventional variable delay circuit. 
As described above, according to the ?rst embodiment of 

the present invention, a plurality of delay circuits 12, each 
comprising ?rst and second tWo-input NOR circuits con 
nected in series, are connected in series at the ?rst input 
terminals of the tWo-input NOR circuits, and the input signal 
W is applied to the second input terminals of the ?rst 
tWo-input NOR circuits B, D, F, and H While the control 
signals from the control circuit 11 are respectively applied to 
the second input terminals of the second tWo-input NOR 
circuits A, C, E, and G, Whereby the delay time in the signal 
transmission from the input signal W to the delay output 
W is varied With the control signals. Therefore, the 
number of elements per unit resolution is reduced, and 
variations in delay time are reduced by the reduced element 
number, Whereby the linearity of the delay circuit is 
improved. Further, the layout is simpli?ed as compared With 
the conventional delay circuit. 

Embodiment 2 

FIG. 2 is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a 
second embodiment of the invention. In FIG. 2, the same 
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6 
reference numerals as those shoWn in FIG. 1(a) designate 
the same or corresponding parts. Reference numeral 2 
designates a variable delay circuit according to this second 
embodiment, and numeral 22 designates a single-stage unit 
delay circuit comprising tWo tWo-input NAND circuits, i.e., 
a tWo-input NAND circuit C and a tWo-input NAND circuit 
D. Four stages of unit delay circuits are constructed by eight 
tWo-input NAND circuits A, B, C, D, E, F, G, and H, so that 
this variable delay circuit can control the delay time in four 
stages. 
As shoWn by the unit delay circuit 22, in each unit delay 

circuit, the tWo-input NAND circuits are connected so that 
an output from the ?rst tWo-input NAND circuit (D in the 
circuit 22) to Which the input signal W is applied is input to 
one of the tWo input terminals of the second tWo-input 
NAND circuit (C in the circuit 22) Which is nearer to the 
delay output W than the ?rst tWo-input NAN D circuit, and 
the control signal from the control circuit 11 is input to the 
other input terminal of the second tWo-input NAND circuit. 
That is, in this second embodiment, the tWo-input NOR 
circuits of each unit delay circuit 12 according to the ?rst 
embodiment are replaced With the tWo-input NAN D circuits. 
For the output signals from the control circuit 11, the 
negative logic of table 1 is employed as shoWn in table 2. 

TABLE 2 

D2 D1 D0 PE 

A X X 0 1 

B X 0 1 1 

C O 1 1 1 
D 1 1 1 1 
E X X X 0 

When the combination of the control signals output from 
the control circuit 11 is as shoWn by A in table 2, since, as 
it is Well knoWn, a NAN D circuit outputs 0 (LoW) When both 
of its tWo inputs are 1 (High), the tWo-input NAND circuit 
C shoWn in FIG. 2 outputs “High”, and the input signal 
W travels through the tWo tWo-input NAND circuits A and 
B and is output as the delay output W. Hence, When the 
delay time of one tWo-input NAND circuit is ltdi the delay 
time due to the tWo NAND circuitsA and B is given by 2rd,, 
and this delay time corresponds to the transmission path P1 
shoWn by tWo arroWs in the schematic diagram 1(b) and is 
the shortest delay time. 

Further, When the combination of the control signals from 
the control circuit 11 is as shoWn by B in table 2, the 
tWo-input NAND circuit E shoWn in FIG. 2 outputs “High”, 
and the tWo-input NAND circuit C outputs “LoW”. As a 
result, the input signal W travels through the four tWo-input 
NAND circuits D, C, B, and A and is output as the delay 
output DLY, and the delay time is given by 4-tdi2. 

This delay time corresponds to the transmission path P2 
shoWn by four arroWs in the schematic diagram 1(b), and it 
is longer by the delay time of tWo tWo-input NAND circuits 
than the delay time in the case of A in table 2. 
As described above, in this second embodiment of the 

present invention, in place of the tWo-input NOR circuits of 
the unit delay circuits 12 employed in the ?rst embodiment, 
tWo-input NAND circuits are employed in the unit delay 
circuits 22. Therefore, as in the ?rst embodiment, the 
number of elements per unit resolution is reduced, and 
variations in delay time are reduced With the reduction in the 
element number, Whereby the linearity of the delay circuit is 
improved. Further, the layout is simpli?ed as compared With 
the conventional delay circuit. 
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Embodiment 3 

FIG. 3(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a third 
embodiment of the present invention. In FIG. 3(a), the same 
reference numerals as those shoWn in FIG. 1(a) designate 
the same or corresponding parts. Reference numeral 3 
designates a variable delay circuit according to this third 
embodiment. In the variable delay circuit 3, among the unit 
delay circuits 12, one nearest to the delay output DLY, i.e., 
one having the shortest delay path, is connected to the input 
W, and delay elements 30 are inserted betWeen W input 
nodes of the respective unit delay circuits 12. 
As described above, according to the third embodiment of 

the invention, in addition to the circuit structure according to 
the ?rst embodiment, the delay elements 30 are inserted in 
the input signal W transmitting path as shoWn in FIG. 3(a). 
Therefore, although the resolution is determined by perfor 
mance of the unit delay circuit 12 in the variable delay 
circuit according to the ?rst embodiment, since the delay 
elements 30 are inserted as shoWn in FIG. 3(a) in the 
variable delay circuit according to this third embodiment, as 
shoWn in FIG. 3(b), the rising edge of the delay output 
DLY1 via a single-stage delay circuit is delayed in compari 
son With the input signal W, as compared With that shoWn 
in FIG. 1(c). More speci?cally, since the delay time due to 
delay of the single-stage delay circuit is increased, the 
resolution as a delay circuit is reduced, and, utiliZing this 
fact, a desired resolution is obtained, Whereby a variable 
delay circuit having characteristics shoWn in FIG. 3(c) is 
realiZed. This variable delay circuit has a high resistance to 
variations in the elements, an excellent linearity, and a 
resolution loWer than the resolution of the unit delay circuit 
12 regardless of the resolution of the unit delay circuit. 

Embodiment 4 

FIG. 4(a) is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a fourth 
embodiment of the present invention. In FIG. 4(a), the same 
reference numerals as those shoWn in FIG. 1 designate the 
same or corresponding parts. Reference numeral 4 desig 
nates a variable delay circuit according to this fourth 
embodiment. In the variable delay circuit, among the unit 
delay circuits 12, one most distant from the delay output 
W, i.e., one having the longest delay path, is connected to 
the input W, and delay elements 40 are inserted betWeen 
W input nodes of the respective unit delay circuits 12. In the 
variable delay circuit so constructed, With respect to adjacent 
?rst (previous) and second (subsequent) unit delay circuits 
12, a difference betWeen the time during Which the input 
signal W is input to one of tWo input terminals of the second 
unit delay circuit and the time during Which the signal output 
from the ?rst unit delay circuit 12 is input to the other input 
terminal of the second unit delay circuit is reduced. As a 
result, the delay time due to each unit delay circuit 12 is 
reduced, Whereby the resolution as a variable delay circuit is 
improved. 
As described above, according to the fourth embodiment 

of the invention, the input signal W is input from the unit 
delay circuit having the longest delay path, and the delay 
elements 40 are inserted in the input signal W transmitting 
path as shoWn in FIG. 4(a). Therefore, as shoWn in FIG. 
4(b), the rising edge of the delay output DLY1 via a 
single-stage delay circuit is advanced in comparison With the 
input signal W, as compared With that shoWn in FIG. 1(c). 
More speci?cally, since the delay time due to delay of the 
single-stage delay circuit is increased, the resolution as a 
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8 
delay circuit is reduced, and utiliZing this fact, a desired 
resolution is obtained, Whereby a variable delay circuit 
having characteristics shoWn in FIG. 4(c) is realiZed. This 
variable delay circuit has a high resistance to variations in 
the elements, an excellent linearity, and a resolution loWer 
than the resolution of the unit delay circuit 12 regardless of 
the resolution of the unit delay circuit. 

FIG. 5 is a circuit diagram illustrating, in detail, a unit 
delay circuit 12 constructed using DCFL (Direct Coupled 
FET Logic), included in the variable delay circuit according 
to any of ?rst, third, and fourth embodiments of the inven 
tion. As shoWn in FIG. 5, a single-stage unit delay circuit 12 
comprises tWo single-stage NOR gates connected in series, 
and each NOR gate comprises a load transistor 50 connected 
to a poWer supply Vdd, and tWo transistors 51 and 52 Which 
are connected in parallel betWeen an output node of the load 
transistor 50 and a poWer supply V55. A resolution of about 
100 psec can be expected as a practical circuit. 

Since the variable delay circuit is usually constructed on 
a GaAs substrate, When DCFL is employed as shoWn in FIG. 
5, the poWer consumption is reduced. 

Further, FIG. 6 is a circuit diagram illustrating, in detail, 
a unit delay circuit 12 (22) constructed using a CMOS 
(Complementary Metal Oxide Semiconductor) circuit, 
included in a variable delay circuit according to any of ?rst 
to fourth embodiments. As shoWn in FIG. 6, a single-stage 
unit delay circuit 12 (22) comprises an inverter 60 Which 
comprises a pair of transistors, a p-MOS transistor 60a and 
an n-MOS transistor 60b connected in series betWeen a 
poWer supply Vdd and a poWer supply V55, and a NOR gate 
61 connected to an output node of the inverter 60. 
The NOR gate 61 comprises a p-MOS transistor 61c, an 

n-MOS transistor 61b, and an n-MOS transistor 61a Which 
are connected in series betWeen the poWer supply Vdd and 
the poWer supply V55, a p-MOS transistor 61d and a p-MOS 
transistor 616 Which are connected in parallel With the 
p-MOS transistor 61c, and an n-MOS transistor 61f Which is 
connected in parallel With the n-MOS transistor 61b. A 
resolution of 1—10 nsec can be expected as a practical 
circuit. 

FIG. 7 is a diagram shoWing a layout pattern When a 
variable delay circuit according to any of the ?rst to fourth 
embodiments is arranged on a substrate. In FIG. 7, reference 
numeral 70 designates tWo-input NOR (or NAND) gates, 
numeral 71 designates a ?rst Wiring layer serving as an input 
terminal W, numeral 72 designates a second Wiring layer 
serving as a Wiring connecting a delay output W With the 
tWo-input NOR gates 70, and as a Wiring connecting the ?rst 
Wiring layer 71 With the tWo-input NOR gates 70. Further, 
an insulating ?lm is disposed betWeen the ?rst Wiring layer 
71 and the second Wiring layer 72, and these Wiring layers 
71 and 72 are connected to through contact holes 73. 
As shoWn in FIG. 7, the respective cells of the tWo-input 

NOR (NAND) gates 70 are arranged adjacent to each other 
Without leaving spaces betWeen them, and an output termi 
nal of each cell is connected to an input terminal of the next 
cell, With the shortest Wiring. Since the ?rst Wiring layer 71 
serving as an input terminal W is connected to the input 
terminals of the respective cells 70 in good order, there is no 
deviation in input timing due to the Wiring. Further, since the 
?rst Wiring layer 71 serving as an input terminal W and the 
second Wiring layer 72 connected to the output terminal of 
each cell 70 do not cross each other, there is no generation 
of noise due to crossing of the Wiring. This layout realiZes 
a small-area variable delay circuit Which is excellent in 
resolution, resistance to variations in the elements, and 
linearity. 
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Embodiment 5 

FIG. 8(a) is a logical circuit diagram showing a variable 
delay circuit as a semiconductor device according to a ?fth 
embodiment of the present invention. In FIG. 8(a), the same 
reference numerals as those shoWn in FIG. 1(a) designate 
the same or corresponding parts. Reference numeral 8 
designates a variable delay circuit according to this ?fth 
embodiment. In this ?fth embodiment, in the structure of the 
variable delay circuit according to the ?rst embodiment, the 
second (subsequent) one of the tWo tWo-input NOR circuits 
constituting the unit delay circuit is replaced With a three 
input NOR circuit 81. Further, a three-input NOR circuit 82, 
to Which an input signal W, an output from the previous unit 
delay circuit, and a control signal ADJ for adjusting the 
delay time are input, is connected in parallel With a tWo 
input NOR circuit 83. 
By applying the control signal ADJ, for adjusting the 

delay time, to the three-input NOR circuit 82, the driving 
ability of transistors constituting the three-input NOR 81 in 
the output stage of each unit delay circuit 80 can be varied, 
Whereby the resolution of the variable delay circuit can be 
varied from the outside. 

For eXample, When “High” is applied as the control signal 
ADJ, in the circuit diagram shoWn in FIG. 8(b), the n-MOS 
transistor included in the second-stage three-input NOR 
circuit 81 is turned off, so that the three-input NOR circuit 
81 operates substantially as a tWo-input NOR circuit. 
On the other hand, When “LoW” is applied as the control 

signal ADJ, in the circuit diagram shoWn in FIG. 8(b), the 
n-MOS transistor included in the second-stage three-input 
NOR circuit 81 is turned on and operates together With the 
n-MOS transistor 830, Which is connected in series to the 
NOR circuit 81, so that the ability to drive the second-stage 
drive transistors 832 and 833 is increased, With a result that 
the resolution is increased as shoWn in FIG. 4(c). 
As described above, according to the ?fth embodiment of 

the present invention, N (N=integer) unit delay circuits 80, 
each comprising a tWo-input NOR circuit 83, a ?rst three 
input NOR circuit 82, and a second three-input NOR circuit 
81, are connected in series. In each unit delay circuit, output 
terminals of the tWo-input NOR circuit 83 and the ?rst 
three-input NOR circuit 82 are connected to tWo inputs of 
the second three-input NOR circuit 81, respectively, a con 
trol signal ADJ for adjusting the delay time is applied to an 
input terminal of the ?rst three-input NOR circuit 82, an 
input signal W is applied to an input terminal of the 
tWo-input NOR circuit 83 and to one of remaining tWo input 
terminals of the three-input NOR circuit 82, a control signal 
output from the control circuit 11 is applied to the remaining 
input terminal of the three-input NOR circuit 81, and the 
delay time in signal transmission from the input W to the 
output DLY is varied by the control signals. Therefore, even 
When the elements of the variable delay circuit vary, these 
variations can be adjusted With the signal ADJ supplied from 
the outside, Whereby the production yield of the variable 
delay circuit is improved. 

While in this ?fth embodiment the same control signal 
ADJ for adjusting the delay time is applied to all the unit 
delay circuits 80, different ADJ signals may be applied to the 
respective unit delay circuits 80. In this case, the delay time 
in each unit delay circuit can be varied intentionally, 
Whereby a variable delay circuit having non-linear delay 
characteristics is realiZed. 

Embodiment 6 

FIG. 9 is a logical circuit diagram illustrating a variable 
delay circuit as a semiconductor device according to a siXth 
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10 
embodiment of the present invention. In FIG. 9, the same 
reference numerals as those shoWn in FIG. 1(a) designate 
the same or corresponding parts. Reference numeral 90 
designates a pulse generating circuit included in variable 
delay circuit. 
When a plurality of unit delay circuits are connected 

series and the delay time is varied according to the number 
of stages of each unit delay circuit as described in ?rst to 
?fth embodiments of the invention, the pulse Width 
increases With an increase in the number of the delay stages. 

In this siXth embodiment, the pulse generating circuit 
having the structure shoWn in FIG. 9 is connected to output 
stage of the variable delay circuit, and the Waveform of the 
output signal from the circuit is corrected, Whereby the pulse 
Width of the output pulse is made uniform, resulting in a 
stable output. 
What is claimed is: 
1. A semiconductor device comprising: 
an input terminal and an output terminal; 
a delay circuit comprising N (N=integer) unit delay 

circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit com 
prising ?rst and second tWo-input NOR circuits con 
nected in series, the second tWo-input NOR circuit 
being electrically nearer the output terminal than the 
?rst tWo-input NOR circuit, a ?rst input of each ?rst 
tWo-input NOR circuit being connected to the input 
terminal, an output of each ?rst tWo-input NOR circuit 
being connected to a ?rst input of the second tWo-input 
NOR circuit of the respective unit delay circuit, and 
outputs of N-l of the second tWo-input NOR circuits 
being connected to a second input of the ?rst tWo-input 
NOR circuit of a respective subsequent unit delay 
circuit, an output of the Nth second tWo-input NOR 
circuit being the output terminal; and 

a control circuit outputting individual control signals, 
each control signal being applied to a second input of 
the second tWo-input NOR circuit of a respective unit 
delay circuit, Wherein delay time in signal transmission 
from the input terminal to the output terminal varies in 
response to the control signals. 

2. A semiconductor device comprising: 
an input terminal and an output terminal; 
a delay circuit comprising N (N=integer) unit delay 

circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit com 
prising ?rst and second tWo-input NAND circuits con 
nected in series, the second tWo-input NAND circuit 
being electrically nearer the output terminal than the 
?rst tWo-input NAND circuit, a ?rst input of each ?rst 
tWo-input NAND circuit being connected to the input 
terminal, an output of each ?rst tWo-input NAND 
circuit being connected to a ?rst input of the second 
tWo-input NAND circuit of the respective unit delay 
circuit, and outputs of N-l of the second tWo-input 
NAND circuits being connected to a second input of 
the ?rst tWo-input NAND circuit of a respective sub 
sequent unit delay circuit, an output of the Nth second 
tWo-input NAN D circuit being the output terminal; and 

a control circuit outputting individual control signals, 
each control signal being applied to a second input of 
the second tWo-input NAN D circuit of a respective unit 
delay circuit, Wherein delay time in signal transmission 
from the input terminal to the output terminal varies in 
response to the control signals. 

3. The semiconductor device of claim 1 including a delay 
element inserted in a signal transmission path betWeen the 
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?rst inputs of the ?rst tWo-input NOR circuits of adjacent 
unit delay circuits and wherein an input signal from the input 
terminal is applied to the unit delay circuits connected in 
series, from the unit delay circuit nearest to the output 
terminal toWard the unit delay circuit most distant from the 
output terminal, Whereby the delay time due to the unit delay 
circuits is increased. 

4. The semiconductor device of claim 1 including a delay 
element inserted in a signal transmission path betWeen the 
?rst inputs of the ?rst tWo-input NOR circuits of adjacent 
unit delay circuits and Wherein an input signal from the input 
terminal is applied to the unit delay circuits connected in 
series, from the unit delay circuit most distant from the 
output terminal toWard the unit delay circuit nearest to the 
output terminal, Whereby the delay time due to the unit delay 
circuits is decreased. 

5. The semiconductor device of claim 1 Wherein each 
tWo-input NOR circuit is constituted using direct coupled 
FET logic (DCFL). 

6. The semiconductor device of claim 1 Wherein each 
tWo-input NOR circuit is constituted by one of an N-channel 
MOS circuit and a complementary MOS circuit. 

7. The semiconductor device of claim 2 Wherein each 
tWo-input NAND circuit is constituted by one of an 
N-channel MOS circuit and a complementary MOS circuit. 

8. The semiconductor device of claim 1 Wherein the ?rst 
and second tWo-input NOR circuits connected in series are 
arranged as respective cells on a semiconductor substrate 
and the cells are arranged adjacent to each other in a line as 
the delay circuit. 

9. The semiconductor device of claim 2 Wherein the ?rst 
and second tWo-input NAN D circuits connected in series are 
arranged as respective cells on a semiconductor substrate 
and the cells are arranged adjacent to each other in a line as 
the delay circuit. 
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10. A semiconductor device comprising: 
an input terminal and an output terminal; 
a delay circuit comprising N (N=integer) unit delay 

circuits connected in series betWeen the input terminal 
and the output terminal, each unit delay circuit com 
prising a tWo-input NOR circuit, a ?rst three-input 
NOR circuit, and a second three-input NOR circuit 
being connected so that a ?rst input of the tWo-input 
NOR circuit and a ?rst input of the ?rst three-input 
NOR circuit are connected to the input terminal, output 
terminals of the tWo-input NOR circuit and the ?rst 
three-input NOR circuit are respectively connected to 
?rst and second inputs of the second three-input NOR 
circuit, the unit delay circuits being connected so that 
an output of the second three-input NOR circuit of a 
unit delay circuit is connected to a second input of the 
tWo-input NOR circuit and a second input of the ?rst 
three-input NOR circuit of a subsequent unit delay 
circuit; and 

a control circuit outputting individual control signals, 
each control signal being applied to a respective third 
input of the second three-input NOR circuit of each unit 
delay circuit, Wherein a delay time in signal transmis 
sion from the input terminal to the output terminal 
varies in response to the control signals, and a delay 
time due to each unit delay circuit varies in response to 
an adjusting signal input to a third input of the ?rst 
three-input NOR circuit of each unit delay circuit, 
Whereby resolution of the delay circuit is varied. 

11. The semiconductor device of claim 1 further compris 
ing pulse Width formation means connected to the out-put 
terminal for making uniform a pulse Width output from the 
output terminal. 


